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Novelty (N) 
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Claims 


1-11 
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Claims 




Inventive step (IS) 
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Claims 


1-11 
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Claims 




Industrial applicability (IA) 
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Claims 
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Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement. 

The invention relates to the determination of flight parameters of flying vehicles. 

The state of the art is disclosed in the cited documents D1 = WO 94/02858 and 
D2 = US-A-4 378 696. 

In D1 , the Pitot-Static tube (PST) has orifices in the nose part of the tube for sensing 
the total pressure and orifices for sensing the static pressure at a certain distance from 
the nose of the tube. It also has convergences of a strut, in a side view when the tube is 
approached, leading to a sharp rise in the relative thickness of the profiles of the cross 
sections of the strut, while maintaining the internal volumes required for constructing a 
pneumatic path and heaters. At high subsonic speeds, this leads to an earlier 
occurence of local shock waves and a sharp rise in the shock-wave drag of such a 
pitot-Static tube. 

In D2, the PST has an elongated axially symmetric body with a conical head part, 
where orifices for sensing total pressure are arranged, which merges into a circular 
cynlinder on the surface of which orifices for sensing static pressure are arranged. The 
drawbacks of such a PST are a high design complexity and a rise in the design weight 
as well as in the aerodynamic drag. 

The PST according to the invention as disclosed in the characterizing portion of the 
independent claim (claim 1) overcomes the above-mentioned drawbacks because, 
as far as they are arranged on a plate upstream of the strut, the orifices for measuring 
the static pressure do not create shock waves contrary to the prior art systems and 
therefore reduce the drag. Moreover such a design reduce the complexity and the 
weight. 

Such a simple solution is neither disclosed nor suggested in the documents on file. 
Item VII 

Certain defects in the international application 

Reference signs should be introduced throughout the claims. 
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(54) Title: PITOT-STATIC TUBE 
(57) Abstract 

The invention relates to a 
Pitot-Static tube including three 
groups of orifices (2, 5, 6, 10) 
for determining the total pres- 
sure, static pressure and angle 
of attack, an axially symmet- 
ric body (1) and a strut (4) for 
fastening to pneumatic paths ar- 
ranged between them and to elec- 
tric heating elements. In or- 
der to reduce the aerodynamic 
drag of the Pitot-Static tube and 
the power required for heating 
the anti-icing system, the orifices 
(10) for measuring the static pres- 
sure are arranged on a plate (8) 
upstream of the strut (4). Said ar- 
rangement will additionally sim- 
plify the design and lower the de- 
sign weight. 
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Pitot-Static Tube 



The invention relates to the determination of the flight parameters of 
flying vehicles or to other fields of science and technology which deal 
with flows of liquid and gas. 

The measurement of flight parameters is one of the most important 
problems in the aeromechanics and aerodynamics of flying vehicles 
(FVs). At the present time, to measure flight parameters (flow parame- 
ters) use is made of Pitot-Static tubes (PSTs) which are frequently 
mounted directly on the fuselage of the aircraft or the body of some 
other flying vehicle, and which actually measure the parameters of lo- 
cal flow close to a planar flow. As a rule, some of these PSTs which 
measure local flow parameters are mounted on the flying vehicles. The 
actual flight parameters are determined on the basis of prior calibra- 
tions. 

A Pitot-Static tube is known from WO 94/02858. The known PST is 
mounted on the body or fuselage of an FV and has a cylindrical tube 
which is mounted on a strut having curved leading and trailing edges 
which come together when approaching from the base of the strut to 
the tube. The leading edge of the strut can be rounded. The Pitot- 
Static tube has orifices in the nose part of the tube for sensing the to- 



WO 99/61924 



2 



PCT/EP99/03632 



tal pressure and orifices for sensing the static pressure at a certain dis- 
tance from the nose of the tube. The Pitot probe has a heater for pre- 
venting the formation of ice. However, this PST cannot be applied to 
determine the angle of attack, since it lacks orifices for sensing pres- 
sure with the aid of which the angle of attack can be measured. 
Strictly, as follows from WO 94/02858, this Pitot probe is not de- 
signed for these purposes. Moreover, the convergence of the strut in a 
side view when the tube is approached leads to a sharp rise in the 
relative thickness of the profiles of the cross sections of the strut, 
while maintaining the internal volumes required for constructing the 
pneumatic paths and heaters. At high subsonic speeds (Mach number 
M = 0.8-0.9), this leads to an earlier occurrence of local shock waves 
and a sharp rise in the shock-wave drag of such a Pitot-Static tube. 

Another device for determining total pressure P Q/ static pressure P s , 
and therefore also the Mach number M, as well as the angle of attack 
a is known from RU 2 000 561. Said device consists of a body con- 
structed in the form of a plate sharpened at the front whose upper sur- 
face is arranged orthogonal to the axis of rotation and is equipped with 
orifices for measuring static pressure. Arranged in the rear part of the 
plate on its upper surface is a half-wing with a straight leading edge, 
which is orthogonal to the upper surface of the plate and on the end of 
which a total pressure probe is arranged. Orifices for measuring the 
angle of attack are arranged on the straight leading edge of the half- 
wing. Orifices for measuring the static pressure, the total pressure 
probe and orifices for measuring the angle of attack with the aid of 
corresponding pneumatic paths are connected to pressure transducers. 
The device is also equipped with a transducer for the angular dis- 
placement of the body. The orifices for measuring static pressure can 
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be arranged on a non-rotating disc constructed flush with the upper 
surface of the plate. In essence, this device combines within itself the 
functions of an aerodynamic-angle transducer and a Pitot-Static tube. 
The given device has a number of disadvantages. Firstly, there is the 
complexity of design, which is caused firstly by the fact that the de- 
vice is a rotating one. Consequently, it must be equipped with bearings 
with a very low coefficient of friction, it being necessary for the device 
to be statically and dynamically balanced. Moreover, it must be 
equipped with a transducer for the angular displacement of the body. 
The second disadvantage which, in essence, follows on from the first 
is an increased design weight. It is also a disadvantage of the given 
device that because of its design features it is impossible for the total 
pressure to be transmitted to the fuselage of the flying vehicle, to dif- 
ferent consumers, and such a need frequently exists, with the aid of 
non-rotating pneumatic paths. Transmitting pressure from a rotating 
part of a device onto a non-rotating one requires the application of 
special seals and leads to complication of the design and a rise in its 
weight, to an increase in the friction-force moment and, consequently, 
to a rise in the minimum magnitude of the rate at which such a device 
starts to operate. 

US 4,378,696 teaches a fuselage PST for determining flight (flow) pa- 
rameters - the angle of attack a, total pressure P Q and static pressure 
P s and, consequently, Mach number M, which is an elongated axially 
symmetric body with a conical or ogival head part, where orifices for 
sensing total pressure are arranged, which merges into a circular cylin- 
der on the surface of which orifices for sensing static pressure are ar- 
ranged. Furthermore, this cylindrical surface merges into a conical one 
on which there are arranged orifices for sensing pressure in accordance 
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with which the angle of attack is set, and thereafter into a cylindrical 
one again. For the purpose of being fastened to the fuselage or to the 
body of the FV, the Pitot probe has a strut whose cross section has a 
lenticular profile with a sharp leading edge 

The disadvantages of the given PST are: 

increased overall dimensions of the axially symmetric body; 
complexity of design 
increased aerodynamic drag; 

increased required power of the heating anti-icing system; 
low sensitivity of pressures measured in orifices arranged on the 
conical part (and intended for determining a), in terms of the 
angle of attack, and this leads to larger errors in the determina- 
tion of the angle of attack; and 
increased design weight. 

This is caused by the following factors: 

1, The given PST has an enlarged mid-section of the axially 

symmetric body. The enlarged dimension of the mid-section is caused 
in this case by two circumstances. 

Firstly, the cylindrical part of the axially symmetric body merges into a 
conical one on which there are arranged orifices for sensing pressure 
by means of which the angle of attack is determined. In order to 
somewhat enhance the sensitivity of the pressure sensed by means of 
these orifices in accordance with the angle of attack, the cone angle 
must be sufficiently large, and this leads to the necessity of signifi- 
cantly increasing the diameter of the axially symmetric body down- 
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stream of the given conical part. The second circumstance is associ- ~ 
ated with the fact that although the groups of orifices for measuring 
pressure, by means of which total pressure, static pressure and the 
angle of attack are determined, are dispersed in the given configura- 
tion, they are all still located on the same axially symmetric body. It is 
necessary to arrange inside it pneumatic paths, which go out from all 
the indicated groups of orifices, and also tubular electric heaters 
(TEHs) of the anti-icing system. The diameters of the pneumatic paths 
and of the TEHs cannot be less than certain minimum values which are 
determined for the pneumatic paths by the magnitude of the hydrody- 
namic lag, and for the TEHS by the maximum values of the heat flux 
density and the temperature of the surface of the heaters. The result is 
a high design saturation, that is to say a high design complexity of the 
axially symmetric body of the PST. 

The circumstances indicated lead to an enlargement of the area of the 
mid-section, and thus to a rise in the design weight, the aerodynamic 
drag and the power of the anti-icing system. It is also necessary to 
note that the transition from a cylindrical part to a conical one, and 
thereafter to a cylindrical one again can lead to flow separation down- 
stream of the conical part and to an earlier appearance (in terms of the 
Mach number) of local shock waves. In its turn, this must lead to a 
rise in aerodynamic drag. Moreover, an enlarged diameter of the axially 
symmetric body and the non-optimum shape of its aerial part in con- 
junction with the strut also produces unfavourable aerodynamic inter- 
ference (flow separation and an earlier appearance of shock waves) in 
the region of the joint of the tapering tail part of the axially symmetric 
body of the PST downstream of the line of maximum thickness of the 
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lenticular aerodynamic profile of the strut. This also leads to a certain 
increase in the aerodynamic drag of such a PST. 

2. Increased length of the axially symmetric body. This is 

caused by the fact that all three groups of orifices are arranged on the 
axially symmetric body: for measuring the total and static pressure and 
the angle of attack. In this case, the orifices for measuring static pres- 
sure must be located sufficiently far from the strut so that measure- 
ments of the static pressure are accurate (without the introduction of 
corrections) and so that the overpressure from the strut is virtually ex- 
cluded. This leads to a significant increase in the length of the axially 
symmetric body. As is known, the formation of ice on a flying vehicle 
takes place, in the first instance, in regions adjoining regions of flow 
deceleration, [sic] (see, for example, Bragg M. B., Grigoreh G. M., Lee 
J. D. Airfoil Aerodynamic in Icing Conditions. J. Aircraft, vol. 23, N1, 
1986). Such a region on the axially symmetric body of the PST is the 
nose region, and also, in the case of angles of attack differing from 
zero, the region in the vicinity of the line of the spread of flow on the 
windward part of the axially symmetric body of the PST. Conse- 
quently, quite massive tubular electric heaters are arranged inside such 
an elongated axially symmetric body over its entire length. This leads 
to a significant rise in the power required for heating, and also to an 
additional increase in the design weight, since the TEHs are quite 
massive. 

It should also be noted that the presence of a conical part on the axi- 
ally symmetric body of the PST leads to the implementation of an ad- 
ditional overpressure effect on the cylindrical part situated at the front, 
where the orifices for measuring static pressure are arranged. As a re- 
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suit, the accurate determination" (without the introduction of correc- 
tions) of the static pressure requires the orifices for sensing it to be lo- 
cated sufficiently far from this conical part. This leads to the necessity 
of additionally increasing the length of the axially symmetric body, 
something which also leads to a certain additional increase in the de- 
sign weight, and requires additional power for the electrically heated 
anti-icing system. 

3. The electric heaters arranged inside the strut of the PST 

for preventing the formation of ice on its leading edge, and therefore 
for preventing the influence of this ice on the measurement of the 
pressure on the axially symmetric body, are not used with adequate 
effectiveness, in the sense that they heat the strut on which no ori- 
fices for measuring pressure are arranged. This leads to a significant 
rise in weight and the electric power consumed. 

The aim of the invention is to eliminate the disadvantages enumerated 
above. 

The technical result consists of the following: 

reduction in the aerodynamic drag of the strut and the axially 
symmetric body of the PST; 

reduction in the power required for the heated anti-icing sys- 
tem; 

design simplification; 

reduction in the overall dimensions of the axially symmetric 
body; and 

lowering of the design weight. 
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The technical result is achieved by virtue oFthe fact that the Pitot- 
Static tube including three groups of orifices for determining the total 
pressure, static pressure and angle of attack, an axially symmetric 
body and a strut for fastening to pneumatic paths arranged between 
them and to electric heating elements of the anti-icing system is con- 
structed in such a way that the orifices for measuring the static pres- 
sure are arranged on a plate upstream of the strut. 

To advantage, the orifices for determining the angle of attack are ar- 
ranged on the strut. Said orifices are arranged on said strut between 
its nose and a position of its maximum thickness. Accordingly, the ori- 
fices are arranged in a region X=0 ... X c , wherein X c is a position of 
maximum thickness. X c is determined by the following equation: 
C(X C ) > C(X * X c ) 

wherein C(X) is the profile thickness at a distance X from the profile 
nose. 

For the purpose of an even greater reduction in the aerodynamic drag 
of the fuselage of the probe, the tail part of the axially symmetric body 
can terminate and mate smoothly with the aerodynamic profile of the 
strut in the region of its maximum relative thickness. 

It is sometimes expedient, starting from design considerations, or from 
aerodynamic ones, to measure the static pressure on the FV at one 
point thereof, and to measure the total pressure and angle of attack at 
another. It is possible in this case for measurement purposes to apply 
the proposed fuselage probe, in which the plate with the orifices for 
measuring static pressure is constructed separately from the axially 
symmetric body with the strut. 
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For the purpose of application to supersonic flight regimes of the FV, 
when a very narrow range of angle of attack is required, the cross 
sections of the strut can have an aerodynamic profile with a sharpened 
nose. 

For the purpose of application to FVs which are being used at subsonic 
M numbers, the cross sections of the strut can have a subsonic aero- 
dynamic profile with a rounded nose. 

For the purpose of widening the range of measurements of the angle 
of attack, the external surface of the strut can take the form of a cy- 
lindrical surface. 

For the purpose of additionally widening the range of measurements of 
the angle of attack, the orifices for measuring the angle of attack can 
be arranged on the strut from its nose up to the maximum thickness. 

For the purpose of an even greater reduction in the power required for 
the anti-icing system, the electric heating elements of the anti-icing 
system can be offset towards the leading edge of the strut. 

In a preferred embodiment, the orifices for determining the angle of at- 
tack are arranged on the strut above the axially symmetric body in re- 
lation to the base of the strut. Such an arrangement permits 

enhancement of the accuracy of determination of the angle of 
attack; and 
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enhancement of the accuracy of measurement of the static 
pressure for transonic flow regimes. 

Additionally, said arrangement permits a reduction in the influence of 
the angle of slip on measurement of the local angle of attack. This is 
achieved by virtue of the fact that the vortex wake from the axially 
symmetric body given slippage of the FV does not fall into the orifices 
for measuring the angle of attack. 

Since the aerodynamic drag of the axially symmetric body for a zero 
angle of attack of the PST, and for high subsonic or supersonic speeds 
is proportional to the area of its mid-section, the lowering of the aero- 
dynamic drag of the PST, were it to have the same shape as the prior- 
art PST, would also be proportional to the difference of the squares of 
the diameters of the axially symmetric body of the prior-art PST and 
the proposed PST. However, since the shape of the axially symmetric 
body of the proposed PST has no additional steps (conical step with 
subsequent thickening) as in the case of the prior-art PST, there will be 
no flow separation on it nor the appearance of shock waves down- 
stream of the conical step. Thus, the lowering of the aerodynamic drag 
will be even greater. At large angles of attack, the lowering of the drag 
will also be very significant due to the fact that the length of the axi- 
ally symmetric body on the proposed PST is substantially less than on 
the PST example of the prior art. Since there is no need to feed power 
for heating the plate on which the orifices for measuring static pres- 
sure are situated, in the case of the proposed PST because of its lack 
of conditions for icing (there being no regions of flow deceleration on 
it), and the required power for heating the strut on which the orifices 
for determining the angle of attack are situated is approximately equal 
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to the required power for heating the strut of the prior-art PST, the 
lowering of the power required to heat the proposed PST is determined 
by the lowering of the power for heating the axially symmetric body. 
This lowering is proportional to the difference between the areas of the 
external surfaces of the axially symmetric body of the prior-art PST 
and the proposed PST (given the same temperature of their surfaces). 
Because the power required to heat the axially symmetric body of the 
prior-art PST is approximately equal to the power required by the strut, 
as a result, according to approximate estimates, the power required by 
the electric heaters on the proposed PST can be lowered by approxi- 
mately 50% by comparison with the prior-art PST. Since the stagger- 
ing of the orifices on the plate for measuring static pressure without 
the introduction of corrections to the overpressure relative to the base 
of the strut of the PST and, on account of its sweep, can be apprecia- 
bly reduced by comparison with the corresponding orifices of the prior- 
art PST on the axially symmetric body, the weight of the plate and the 
axially symmetric body of the proposed PST can, as indicated by pre- 
liminary design studies, be approximately equal to the weight of the 
external shell of the axially symmetric body of the prior-art PST. As a 
result, the lowering of the design weight of the proposed PST occurs 
only by virtue of the lowering of the mass of the heaters in the axially 
symmetric body. This lowering of the weight is approximately 1 5-20% 
of the weight of the PST. 

When the axially symmetric body is constructed in such a way, that its 
tail part terminates and merges smoothly with the strut in the region of 
its maximum thickness, the interference of the axially symmetric body 
and strut improves, and there is an additional substantial reduction in 
the aerodynamic drag of the PST because of the absence of an addi- 
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tional diffuser. In the case when for design, aerodynamic or some 
other considerations, the plate on the FV has to be situated on the fu- 
selage at a location where the static pressure is implemented, while 
the strut with the axially symmetric body of the PST has to be situated 
at a different location, the plate with the orifices for measuring static 
pressure is constructed separately from the axially symmetric body 
with the strut. For the purpose of additionally reducing the drag on su- 
personic FVs when there is a need for a sufficiently narrow range of 
measurements of the angle of attack, the cross sections of the strut 
can have an aerodynamic profile with a sharpened nose. When the PST 
is applied on an FV which is employed at subsonic Mach numbers M, 
for the purpose of additionally reducing the drag and widening the 
range of measurements of the angle of attack, the cross sections of 
the strut can have a specialized subsonic aerodynamic profile with a 
rounded nose. For the purpose of an additional widening of the range 
of measurements of the angle of attack, the external surface of the 
strut can be in the form of a cylindrical surface. For the purpose of an 
additional widening of the range of measurements of the angle of at- 
tack, the orifices for measuring the angle of attack can be arranged on 
the strut away from its nose up to the maximum thickness. Because of 
the offset of the electric heating elements towards the leading edge of 
the strut, there is an additional substantial reduction in the useless 
heat losses by comparison with the prior-art PST, and reduction in the 
power required for heating. 

For the purpose of enhancing the accuracy of determination of static 
pressure at transonic flow speeds, the aerodynamic profile of the strut 
can have an exit section on which at least one additional orifice for 
tapping the static pressure is arranged. 
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For the purpose of simplifying the design and reducing the aerody- 
namic drag, the strut can be an element of the actual air frame proper 
of the FV. 

By virtue of the fact that the influence of variation in the angle of at- 
tack on the magnitude of the pressures measured on the aerodynamic 
profile is substantially higher than on a cone, the error in the measure- 
ment of the angle for the proposed PST is substantially lower than for 
the prior-art PST, particularly when the orifices are arranged near it. 

Moreover, owing to the transfer of the orifices for measuring the angle 
of attack from the axially symmetric body onto the strut there is a 
substantial simplification in the design of the axially symmetric body, 
and a reduction in its diameter and aerodynamic drag. 

The reduction in the aerodynamic drag of the strut is achieved by ap- 
plying the appropriate (subsonic or supersonic) aerodynamic profile. 
Owing to the offsetting of the electric heaters of the anti-icing system 
towards the nose of the profile of the strut, which is most subject to 
icing, it is possible to substantially reduce the power required for 
heating. Since the phenomenon of transonic stabilization of pressures 
is lacking in the region of the exit section of the aerodynamic profile, 
the presence of the orifices for tapping static pressure in the exit sec- 
tion can substantially enhance the accuracy of measurement of the 
pressure in the case of transonic flow speeds. Arranging the orifices 
for tapping static pressure on a special plate on the surface of the fu- 
selage also substantially simplifies the design of the PST, and can 
lower the power required for the anti-icing system, since this substan- 
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tially simplifies the axially symmetric body, and the plate is not so 
subject to icing as is the axially symmetric body. 

The invention will now be described by way of examples with refer- 
ence to the accompanying drawings in which: 



Figure 1 



Figure 2 
Figure 3 
Figure 4 



Figure 5 
Figure 6 
Figure 7 
Figure 8 



Figure 9 
Figure 1 0 
Figure 1 1 

Figure 12 



shows a side view of a first embodiment of a PST in ac- 
cordance with the invention as optimized for mounting on 
a medium class passenger aircraft; 
shows a top view of the PST according to Figure 1 ; 
shows a section along line A-A in Figure 1 ; 
shows one of the variants of the proposed PST with an 
axially symmetric body whose tail part terminates and 
mates smoothly with the strut in the region of its maxi- 
mum thickness; 

shows a section along line A-A in Figure 4; 
shows a section along line B-B in Figure 4; 
shows a section along line C-C in Figure 4; 
shows a variant of the proposed PST on which the plate 
with the orifices for measuring static pressure is con- 
structed separately from the axially symmetric body with 
the strut; 

shows a top view of the PST according to Figure 8; 

shows a section along line A-A in Figure 8; 

presents a first variant of the proposed PST with a first 

sweep of its strut in terms of the leading edge; 

presents a second variant of the proposed PST with a 

second sweep of its strut; 
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Figure 13 presents a third variant of the proposed ~PST with a~ third" 
sweep of its strut; 

Figures 14 to 19 show different variants of the profiles of the strut; 

Figure 20 shows a side view of a further embodiment of the inven- 
tion; 

Figure 21 shows a section along line A-A in Figure 20; 
Figure 22 shows a top view of the PST according to Figure 20; 
Figure 23 shows a side view of another embodiment of the inven- 
tion; 

Figure 24 shows a different embodiment of a pitot-static tube in ac- 
cordance with the invention in a section along line A-A in 
Figure 20 

Figure 25 shows a section along line A-A in Figure 24; 

Figure 26 shows a top view of the PST according to Figure 25; 

Figure 27 presents an example of the functional relationship of the 

calibration slope; and 
Figure 28 shows the variation with Mach number in the ratio 



The Pitot-Static tube shown in Figures 1 to 10 comprises an axially 
symmetric body 1 in the nose part of which there is arranged an orifice 
2 for determining the total pressure. TEHs 3 of the anti-icing system 
are located inside the axially symmetric body 1. The axially symmetric 
body 1 is fastened to a strut 4 on which there are arranged orifices 5, 
6 for determining the angle of attack, and TEHs 7 are arranged inside 
the strut 4. Several orifices 5, 6 each may be arranged for the purpose 
of reserving orifices on the upper and lower surface of the cross sec- 
tion of the strut 4. The PST has a plate 8 which can be connected to a 
flange 9 or is simultaneously a flange 9 for fastening the strut 4 and 
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plate to the fuselage of the FV: orifices TO for measuring ~tRe static 
pressure are constructed in the plate 8. The pressure from the orifices 
2, 5, 6, 10 is led out of the PST with the aid of pneumatic paths 1 1 
and nozzles 1 2, and the heating of the axially symmetric body 1 and 
strut 4 of the PST is effected with the aid of electric heaters 3, 7 by 
means of an electric connector 13. 

The orifices 5, 6 are arranged on the strut 4 between its nose and the 
position X c of its maximum thickness, as shown in Figures 4, 5 and 14 
to 19. 

The Pitot-Static tube operates in the following way. The pressure 
sensed by the orifices 2, 5, 6, 10 is transmitted via nozzles 1 2 to a 
transducer unit which converts the pressure into electric signals. These 
electric signals are sent to an information processing unit in which the 
flow (flight) parameters P G , P s , are determined from calibration rela- 
tionships. Electric energy is fed to the TEHs 3 and 7 via an electric 
connector 13 in order to prevent the formation of ice which can 
strongly distort the measurement or lead to clogging of the orifices and 
failure of the PST. The electric TEHs 3 and 7 heat the external shell of 
the axially symmetric body and the strut 4, and also the pneumatic 
paths 1 1 which are, as a rule, produced from materials which are ex- 
tremely good thermal conductors (for example, nickel). The power of 
the THEs and of the electric energy fed is selected so as to prevent the 
formation of ice on the surfaces of the axially symmetric body 1 and 
the strut 4, and in the orifices 2, 5, 6. 

For the purpose of additionally lowering the aerodynamic drag by im- 
proving the interference between the axially symmetric body 1 and the 
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strut 4, the tail part of the axially symmetric body is mated smoothly 
and terminates in the region of maximum thickness of the strut as 
shown in Figures 4 to 7. 

When necessary, starting from design or aerodynamic considerations, 
the plate 8 with orifices for measuring static pressure can be con- 
structed on the proposed fuselage of the PST separately from the axi- 
ally symmetric body 1 and the strut 4 as shown in Figures 8 and 9. 

The design and aerodynamic parameters of the PST are selected start- 
ing from the requirements for the operating ranges of the PST and 
measuring accuracy and flow conditions of the FV. The height h of the 
PST (see Figures 11 to 1 3) is selected such that the orifice sensing the 
total pressure is located beyond the limits of the boundary layer. The 
stagger / s relative to the strut of the orifices for measuring static pres- 
sure on the plate is selected in such a way that the overpressure from 
the strut 4 does not influence the measurements, nor do any possible 
disturbances (for example, shock waves in transonic and supersonic 
flight regimes). The height h a of the orifices 5, 6 for measuring the 
angle of attack a is also selected from consideration of the absence of 
disturbances. If the PST is intended exclusively for operating at super- 
sonic speeds and at very small angles of attack, the profile can have a 
lenticular or ogival shape sharpened in the nose. Several possible 
cross-sections of the strut 4 are shown in Figures 14 to 17. For sub- 
sonic speeds, it is possible to apply a profile with a rounded nose, 
which is tuned to its corresponding operating regimes, for example in 
terms of the Mach number M. Starting from the characteristics of the 
profiles and operating conditions, the sweep % of the strut is also cho- 
sen to have a leading edge (see Figures 11 to 13). 
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With the aim, for example, of widening the range of measurements of 
the angle of attack, for very low speeds the profiles of the cross sec- 
tions of the struts can, in particular, have an elliptical or circular sec- 
tion. 

A variant embodiment of the proposed PST optimized for mounting on 
a main-route medium class passenger or transport aircraft is repre- 
sented in Figures 1 to 3. 

The Pitot-Static tube shown in Figures 20 to 26 comprises an axially 
symmetric body 29 in the nose part of which there is arranged an ori- 
fice 30 for determining the total pressure. Located inside the axially 
symmetric body 29 are tubular electric heaters (TEHs) 32 of the anti- 
icing system. The axially symmetric body 29 is fastened to the strut 
33, orifices 34, 35 for determining the angle of attack are arranged 
above the axially symmetric body 29 in relation to the base of the strut 
33, and TEHs 36 are arranged inside the strut 33. Several orifices 34, 
35 each may be arranged for the purpose of reserving orifices on the 
upper and lower surfaces of the cross section of the strut. Said orifices 
are arranged between the nose and the position of maximum thick- 
ness. The PST can be fastened to the fuselage with the aid of a flange 
37. The pressure from the orifices 30, 34, 35 is led out of the PST 
with the aid of pneumatic paths 38 and nozzles 39, and the heating of 
the axially symmetric body and strut of the PST is effected with the 
aid of electric heaters 32, 36 by means of an electric connector 40. 
Static pressure is determined by means of orifices 44 in a plate ar- 
ranged upstream of the strut 33. 
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The Pitot-Static tube operates in the following way. The pressure 
sensed by the orifices 30, 34, 35, 44 is transmitted via nozzles 39 to 
a transducer unit which converts the pressure into electric signals. 
These electric signals are sent to an information processing unit in 
which the flow (flight) parameters P Q , P s , a are determined from cali- 
bration relationships. Electric energy is fed to the TEHs 32 and 36 via 
an electric connector 40 in order to prevent the formation of ice which 
can strongly distort the measurement or lead to clogging of the orifices 
and failure of the PST. The TEHs 32 and 36 heat the external shell of 
the axially symmetric body 29 and the strut 33, and also the pneu- 
matic paths 38 which are, as a rule, produced from materials which 
are extremely good thermal conductors (for example, nickel). The 
power of the TEHs and of the electric energy fed is selected so as to 
prevent the formation of ice on the surfaces of the axially symmetric 
body 29 and the strut 33, and in the orifices 30, 34, 35, 44. 

For the purpose of simplifying the design of the axially symmetric 
body, and of additionally reducing the power consumed by the TEHs of 
the PST, the orifices 44 for tapping static pressure (Figures 20 to 26) 
are arranged on a plate 45, which can be located on the fuselage of 
the FV. 

For the purpose of reducing the power required by the TEHs of the 
anti-icing system, they can be offset towards the nose part of the 
strut, which is most subject to icing (Figure 20). 

Figure 23 depicts a different embodiment of a PST provided with an 
exit section on which at least one orifice 41 for tapping static pressure 
is arranged. Said orifice 41 is connected to a nozzle via a pneumatic 
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path 42 and serves to enhance the accuracy of measurement of the 
static pressure in Mach number regions close to unity. Prior art PST 
comprise orifices for static pressure arranged on the axially symmetric 
body which are subject to pressure stabilization. 

The pressure in the exit section is not subject to the phenomenon of 
stabilization {Figure 28), and the static pressure is set in accordance 
with it on the basis of calibrations carried out earlier. 

Figures 24 to 26 represent a variant of the embodiment of the pro- 
posed Pitot-Static tube, optimized for main-route medium class or 
transport aircraft. 

In all embodiments shown the orifices arranged on the two surfaces of 
the strut permit reliable measurement even if one or several orifices are 
blockaded. Thus, total pressure P Q/ static pressure P s , and the angle of 
attack a and can be determined regardless of possible malfunction. 

Figure 27 presents an example of the functional relationship of the 
calibration slope Xa - (P 6-P7) /(P2-P3) f° r determining the angle of at- 
tack for the proposed PST, and also for the prior-art PST, for which 
the orifices for determining the angle of attack are arranged on the 
conical part of the axially symmetric body, where P s is the pressure 
measured in the corresponding the orifices. The numerals 2 and 3 de- 
note orifices arranged correspondingly in the nose part and on the cy- 
lindrical surface of the axially symmetric body, both on the proposed 
PST and on the prior-art PST; the numerals 6 and 7 denote orifices ar- 
ranged on the strut in the proposed PST or on the conical part of the 
axially symmetric body for the prior-art PST. 
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Figure 28 shows the variation with Mach number in the ratio P44/P30 of 
the pressures measured correspondingly; P 44 on the plate upstream of 
the strut, P 30 in the nose part of the axially symmetric body, and the 
variation in Mach number of the ratio P 4 i/P 30 / where P 41 is the pres- 
sure in the exit region of the aerodynamic profile of the strut. 

The following can be achieved by using the invention: 
design simplification, 

a reduction in the overall dimensions of the axially symmetric 
body, 

a lowering of the aerodynamic drag, 

a reduction in the power required for the anti-icing system of the 
PST, 

a lowering of the weight, and 

an enhancement of the accuracy of measurement of the angle of 
attack. 

Let us demonstrate this, assuming that the basic design, geometrical 
and aerodynamic parameters of the strut (height, angle of sweep, pro- 
file and its relative thickness) remain the same for the proposed PST as 
for the example of the prior art, since the design studies carried out 
indicate the possibility of this. 

1. A design simplification is achieved by virtue of the fact 

that groups of orifices for pressure tapping, on the basis of which the 
angle of attack and static pressure are determined, are situated not on 
the axially symmetric body of the PST, but on the strut and plate of 
the PST, respectively. The design saturation of the PST is very high, 
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since pneumatic paths go out from each of the indicated groups of ori- 
fices, and electric heating elements of the anti-icing system still have 
to be arranged inside the axially symmetric body and the strut. As a 
result of the transfer of the orifices for measuring the angle of attack 
and static pressure from the axially symmetric body to the strut and 
plate, the design saturation is lowered, and the construction of the 
axially symmetric body and the entire proposed PST with the strut is 
substantially simplified. 

2. As a result of the transfer of the orifices for pressure 
tapping, which are used to determine the angle of attack and static 
pressure, from the axially symmetric body to the strut and plate, there 
is a substantial reduction in the diameter d of the axially symmetric 
body (Figure 1). The design studies carried out indicate that the diame- 
ter d of the axially symmetric body of the proposed PST can, by com- 
parison with the prior-art PST (given the same diameters of the internal 
paths and electric heating elements), be reduced by approximately 1.5- 
2 times, while the length / of the body can be reduced by 8-10 times. 

3. The aerodynamic drag of the axially symmetric body can 
be represented as the formula D = C x qS, where C x is the drag coeffi- 
cient, q is the dynamic pressure, and S is the characteristic area. For 
an axially symmetric body of the PST beyond the characteristic di- 
mension, it is possible to adopt an area of its mid-section given by S = 
7id 2 /4, where d is the diameter of the mid-section. Thus, if the axially 
symmetric body of the proposed PST were to be geometrically similar 
to the axially symmetric body of the prior-art PST (that is to say keep- 
ing to the same magnitude C s ), the drag of the axially symmetric body 
of the proposed PST would be reduced by approximately 2-2.4 times 
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given the same dynamic pressures (that is to say given the same 
magnitude of the speed V and Mach number M) as a result of reduc- 
tion in the diameter d by 1.5-2 times (see above, item 2). However, 
since the shape of the axially symmetric body of the proposed PST has 
no additional steps (of the conical part with a subsequent thickening of 
the diameter as in the case of the prior-art PST), there will be no flow 
separation on it, nor any occurrence of shock waves downstream of 
the conical part. Thus, as estimates show, the magnitude of the drag 
coefficient C x of the axially symmetric body of the proposed PST can 
still be lowered by approximately 7-10%. As a result, the drag of the 
axially symmetric body X of the proposed PST is reduced for a = 0 by 
approximately 2.5-4.5 times. For angles of attack not equal to zero, 
the aerodynamic drag of the axially symmetric body can also be sub- 
stantially lowered because of the reduction in its length (by 8-10 
times). As estimates show, in this case a lowering of the drag of the 
axially symmetric body by 5-7 times can be expected. 

An additional lowering of the aerodynamic drag on the proposed PST 
can be ensured by virtue of the fact that the tail part of the axially 
symmetric body terminates and smoothly mates with the strut in the 
region of its maximum thickness. A positive effect is achieved in this 
case through the organization of the tail part, subjected to interfer- 
ence, of the axially symmetric body of the PST and the strut. Since, in 
this case, there is no additional diffuser in the region of the joint of the 
tapering tail part of the axially symmetric body and the tail part of the 
profile of the joint, success is thereby achieved in avoiding the occur- 
rence of flow separation and local shock waves. As estimates indicate, 
the result is that the drag of the entire PST can be additionally lowered 
by 10-15%. 
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An additional lowering of the aerodynamic drag can be achieved by 
selecting specialized aerodynamic profiles for the strut of the PST 
which are tuned to corresponding basic flight regimes of the FV 
(supersonic regime with a sharp leading edge, or subsonic with a 
rounded leading edge of the aerodynamic profile of the strut). 

4. The power required for the anti-icing heating system of 

the axially symmetric body of the proposed PST can also be very 
greatly lowered by comparison with the axially symmetric body of the 
prior-art PST. The power required for the same heat emission of the 
axially symmetric body and the same temperature of the surface is 
proportional to the area of its lateral surface, ndf, that is to say de- 
pends linearly on the diameter d of the PST and the length /. Since, in 
accordance with item 2, the diameter d of the axially symmetric body 
of the proposed PST can be reduced by 1 .5-2 times, and its length can 
be reduced by 8-10 times, the power required for the anti-icing system 
of the axially symmetric body can be lowered by 1 2-20 times by com- 
parison with the axially symmetric body of the prior-art PST. 

Since, in the proposed PST, there is no need to feed power to heat the 
plate on which the orifices for measuring static pressure are situated 
owing to the absence of icing conditions on it (there being no regions 
of flow deceleration on it), while the power required to heat the strut is 
approximately equal to the power required to heat the strut of the 
prior-art PST, lowering of the power required for heating is determined 
by the lowering of the power required to heat the axially symmetric 
body. However, since the power required to heat the axially symmetric 
body of the prior-art PST is approximately equal to the power required 
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for the strut, the result, according to approximate estimates, is that 
the required power of the electric heaters on the proposed PST can be 
lowered by approximately 50% by comparison with the prior-art PST. 

In addition, a reduction in the power required to heat the PST can be 
obtained by virtue of the offsetting of the TEHs towards the leading 
edge of the strut, since it is a region adjoining its leading edge which is 
most subject to the formation of ice on it. 

5. Since the staggering of the orifices on the plate for meas- 
uring static pressure (without the introduction of corrections to the 
overpressure) relative to the base of the strut of the PST can be ap- 
preciably reduced because of its sweep by comparison with the corre- 
sponding orifices of the prior-art PST on the axially symmetric body, 
the weight of the plate and the axially symmetric body of the proposed 
PST can, as indicated by preliminary design studies, be approximately 
equal to the weight of the external shell of the axially symmetric body 
of the prior-art PST. As a result, the lowering of the design weight of 
the proposed PST occurs only by virtue of the lowering of the mass of 
the heaters in the axially symmetric body. This lowering of the weight 
is approximately 1 5-20% of the weight of the PST. 

6. An increase in the accuracy of measurement of the angle 
of attack on the proposed PST by comparison with the prior-art PST is 
achieved as a result of the fact that the orifices for tapping pressures 
by means of which the angle of attack is determined are arranged on a 
strut having cross sections in the form of an aerodynamic profile, and 
not on the conical part of the axially symmetric body. It may be seen 
from the functional relationships, represented in Figure 27, of the slope 
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(a), which are obtained on the basis of experimental data, that the de- 
rivative for the orifices on the aerodynamic profile in the range of an- 
gles of attack of a = 0-20° is substantially 5 times) greater than for 
the orifices arranged on the conical surface of the axially symmetric 
body of the prior-art PST. The error in the determination of the angle of 
attack can be written in the form of 8a = dot/dx a *5p/q, where q is the 
dynamic pressure and 5p is the error in the measurement of the pres- 
sure difference P35-P34. Thus, for an error in real pressure transducers 
of p = 0.15 mm mercury column with M = 0.2, the error in the 
measurement of the angle of attack in the indicated range of angles of 
attack has a magnitude of 0.08° on the proposed PST, but of 0.4° for 
the prior-art PST. Thus, the accuracy of determination of the angle of 
attack rises by 5 times for the proposed PST. 

7. Since it is possible on the proposed PST to select the 

base pressure from the side of the exit section of the aerodynamic 
profile of the strut, while the base pressure is a monotonic function of 
the Mach number and is not subject to the phenomenon of transonic 
stabilization (compare the character of the changes in the magnitudes 
P 41 /P 30 and P44/P30 in Figure 28), it is possible, as experiments show, 
to enhance the accuracy of measurement of static pressure for 
M « 1 .0 in the given variant of the proposed PST. 

Thus, the given results of the calculated estimates and the design and 
planning studies clearly indicate the advantages for all the indicated 
parameters and properties of the proposed PST by comparison with 
the prior-art PST. 
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Since, as a rule, there are several such PST on an aircraft, this leads to 
an appreciable lowering of the weight and of the aerodynamic drag, 
and to a saving in the electric energy required. 
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PATENT CLAIMS 



1 . Pitot-Static tube including three groups of orifices for determin- 
ing the total pressure, static pressure and angle of attack, an 
axially symmetric body and a strut for fastening to pneumatic 
paths arranged between them and to electric heating elements, 
characterized in that the orifices for measuring the static pres- 
sure are arranged on a plate upstream of the strut. 

2. Pitot-Static tube according to Claim 1 , characterized in that the 
orifices for determining the angle of attack are arranged on the 
strut. 

3. Pitot-Static tube according to Claim 1 or 2, characterized in that 
the axially symmetric body terminates and mates smoothly with 
the strut in the region of its maximum thickness. 

4. Pitot-Static tube according to any preceding Claim, characterized 
in that the plate with the orifices for measuring static pressure is 
constructed separately from the axially symmetric body with the 
strut. 

5. Pitot-Static tube according to any preceding Claim characterized 
in that the cross sections of the strut have a supersonic aerody- 
namic profile with a sharpened leading edge. 
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6. Pitot-Static tube according to any of Claims 1 to 4, character- 
ized in that the cross sections of the strut have a subsonic aero- 
dynamic profile with a rounded nose. 

7. Pitot-Static tube according to any of Claims 1 to 4, character- 
ized in that the external surface of the strut is a cylindrical sur- 
face. 

8. Pitot-Static tube according to any preceding Claim, characterized 
in that the orifices for measuring the angle of attack on the strut 
are arranged from its nose up to the maximum thickness of the 
aerodynamic profile. 

9. Pitot-Static tube according to any preceding Claim, characterized 
in that the electric heating elements inside the strut are offset 
towards its nose. 

10. Pitot-Static tube according to any preceding Claim, characterized 
in that the inlet orifices for determining the angle of attack are 
arranged on the strut above the axially symmetrical body in rela- 
tion to the base of the strut. 

1 1 . Pitot-Static tube according to any preceding Claim, characterized 
in that the strut is provided with an exit section on which at 
least one additional orifice for tapping the static pressure is ar- 
ranged. 
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